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(54) PACKET ROUTER DEVICE 

(57) Abstract ' " 

The present invention pertains to a packet router device that is synchronized with an external global clock and that 
transmits packet data at a high rate in a system for transmitting control signals and specified data in units of packets, 
like a CDMA system. If a packet transmission ready signal is detected from a CPU of a transmission-side node, the 
packet data stored in Tx FIFO of the corresponding node are read by a Tx FIFO read clock synchronized with the 
global clock and stored in a shift register, and the address of the destination node for receiving the packet data is 
read from the upper 3 bytes of the packet data stored in the shift register. A reception-side node corresponding to the 
extracted destination address transmits the above-mentioned packet data to Rx FIFO. Therefore, instead of 
modifying the router device in terms of hardware to prevent the packets from being transmitted, the CPU accesses 
the register, so that the control of the router device is simple. In addition, this router device has a broadcasting 
function capable of simultaneously transmitting the same packet to all the nodes, so a TOD packet can be 
transmitted to channel cards, realizing a very efficient effect. 

Representative figure: 
Figure 1 

Specification 

Brief description of the figures 

Figure 1 is a block diagram showing the packet router device of the present invention. 
Figure 2 is a flow chart showing the operation of a detection part of Figure 1. 
Figure 3 is a flow chart showing a read part of Figure 1 . 

Explanation of numerals of the main parts of the figures 
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3 Read part 

4 Shift register 

5 Address filter 

6 Write part 

7 Rx FIFO 

Detailed explanation of the invention 
Purpose of the invention 

Technical field of the invention and prior art of the field 

The present invention pertains to a packet router device that is synchronized with an 
external global clock and that transmits packet data at a high rate in a system for transmitting 
control signals and specified data in units of packets, like a CDMA (Code Division Multiple 
Access) system. 

In general, systems for transmitting data include line switching systems system and 
packet transmission systems. The line switching system is frequently adopted in an electronic 
switching system, and a communications line is set so that data to be transmitted can be 
transmitted at real time without delay. 

In this line switching system, since a line must be occupied to transmit specified data, the 
line cannot be used efficiently, the difference in the communications cost is disproportionately 
large, and communications with other parties party using different communications rates is 
impossible. 

On the contrary, the packet transmission system is a system that divides data to be 
transmitted into units of packets and transmits these packets and is frequently used in systems 
that mutually transmit control signals and data, like the CDMA system. The packet data to be 
transmitted are separated into a specified length, and a header showing the address of the other 
party for the transmission, etc., is attached to the data. 

In this packet transmission system, since no line must be occupied to transmit the data, 
the line can be used efficiently, and communications with other parties using different 
transmission rates is possible. 

In a conventional packet router device that searches for a destination address to which 
packet data is transmitted and that transmits the packet data, control signals are complicated, the 
time for extracting the destination address is long, and the time required for transmitting one 
packet data unit is was long because of asynchronous packet routing, which slows the overall 
routing speed. 

In addition, since the router device is operated apart from a CPU, the internals of the 
router device must be modified each time the addressing system is changed, and since the router 
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device does not have the function of blocking unnecessary packets, transmitted from a specific 
node and a broadcasting function for of simultaneously transmitting the same packet to multiple 
different nodes from an arbitrary node, multi-loading is impossible. In case a TOD (Time of Day) 
packet is sent, it cannot be simultaneously sent to several slots of channel cards, and the packet is 
sent to the channel cards one slot at a time, causing a problem in the efficiency of the packet data 
transmission. 

Technical problems to be solved by the invention 

The present invention has been proposed to solve the above-mentioned problems, and its 
purpose is to provide a packet router device that transmits and controls packet data in sync with a 
global clock, that raises the routing speed, that is, the packet transmission speed between each 
node, because there is no delay in the packet stream when the address of a destination node is 
being extracted, that, can implement a blocking function or broadcasting function through the 
access of a CPU to a register, and that can simultaneously transmit a TOD packet to multiple 
channel cards. 

In order to achieve this purpose, the packet routing device of the present invention is 
characterized by the fact that it reads packet data stored in Tx FIFO of the corresponding node by 
a Tx FIFO read clock synchronized with a global clock if a packet transmission ready signal is 
detected from a CPU of a transmission-side node, stores the packet data in a shift register, 
extracts a destination node for receiving the packet data from the upper 3 bytes of the packet data 
stored in the shift register, and transmits the above-mentioned packet data to Rx FIFO of a 
reception-side node corresponding to the extracted destination address. 

Constitution and operation of the invention 

Figure 1 is a block diagram showing the packet router device of the present invention. It 
consists of a transmission side Tx FIFO (1) that comprises nine nodes (NODE [8..0]) in total 
with 8 HDLC nodes (not shown in the figure) for HDLC communications with other boards and 
its own CPU node (not shown in the figure) and stores packet data transmitted by each 
transmission-side node; a detection part (CHECKER) (2) that detects whether or not a packet 
transmission ready signal (Packet Ready) exists from each of the above-mentioned transmission- 
side nodes node and that signals the reading read of the corresponding node (NODE [8..0]) in 
which the packet transmission ready signal exists; a read part (READER) (3) that reads the 
corresponding node if the corresponding node in which the packet transmission ready signal 
exists is detected by the above-mentioned detection part (2), that transmits its response signal 
(ACK) to the above-mentioned detection part (2), that outputs a Tx FIFO read clock (READ 
CLOCK [8..0]) of a global clock to the above-mentioned Tx FIFO (1) to transmit the packet data 
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stored in the Tx FIFO (1) of the corresponding node, that extracts a flag (Flag [1 ..0]) of the 
above-mentioned packet data, and that outputs an INPACKET signal if the flag is a valid packet; 
a shift register (4) that inputs and stores the packet data (TXD [8..0]) of the above-mentioned Tx 
FIFO (1) output by the Tx FIFO read clock of the above-mentioned read part (3), and that 
transmits the above-mentioned stored packet data (RXD [8..0]) to a reception-side node by an Rx 
FIFO write clock (WRITE CLOCK) of the global clock; an address filter (5) that extracts the 
address of a destination node from the upper 3 bytes of the packet data transmitted to the above- 
mentioned shift register (4) according to CPU data and an address signal and that outputs the 
destination node information (RESULT [8..0]); a write part (WRITER) (6) that outputs the Rx 
FIFO write clock for transmitting the packet data to the reception-side node by the above- 
mentioned shift register (4) according to the INPACKET signal of the above-mentioned read part 
(3) and the destination node information of the address filter (5); and an Rx FIFO (7) of the 
reception-side node for receiving the packet data of the shift register (4) transmitted by the Rx 
FIFO write clock of the above-mentioned write part (6). 

The packet router device of the present invention is installed between the Tx FIFO (1) of 
the above-mentioned transmission-side nodes and the Rx FIFO (7) of the reception-side nodes 
and transmits packet data through Tx BUS. 

The above-mentioned shift register (4) extracts the address of a destination node by 
address-filtering the first 3 bytes of a valid packet through the above-mentioned address filter (5), 
and the write part (6) prepares an Rx FIFO write clock and is made from 8 parts of a 9-bit D flip- 
flop because 8 clocks are required as a global clock. 

In addition, the above-mentioned address filter (5) can realize a broadcasting function 
and a blocking function for blocking a specific node, not to mention an address filtering function. 
The operation of the packet router device of the present invention with the above-mentioned 
constitution will be explained with reference to Figures 2 and 3. 

Figure 2 is a flow chart showing the operation of the detection part (2) of Figure 1, and 
Figure 3 is a flow chart showing the read part (3) of Figure 1 . 

First, the operation of the detection part (2) will be explained with reference to the flow 
chart of Figure 2. Whether or not a packet transmission ready signal exists at each node is 
detected, starting from the first node among the transmission-side nodes (SI). 

At the above-mentioned step (SI), if it is detected that the packet transmission ready 
signal exists at the first node (S2), the above-mentioned detection part (2) requests the read part 
(3) to read the first node in which there is the packet data to be transmitted, that is, the 
corresponding node (NODE [8..0]), while informing the read part of the existence of the packet 
transmission ready signal, that is, the packet transmission request signal at the first node (S3). 



5 



Next, the detection part (2) confirms whether or not there is a response signal (ACK) 
showing the reception of the request signal for reading the first node, in which there is the packet 
data, from the read part (3) (S4). If the response signal has not been received, the flow waits until 
the reception of the response signal, and the next node is detected. 

If the response signal is well received, the flow advances to the next node similar to the 
case where the packet transmission ready signal is not detected from the first node, and the 
existence of the packet transmission ready signal is detected again (S5). 

Next, the operation of the read part (3) that is connected with the operation of the above- 
mentioned detection part (2) will be explained with reference to Figure 3. First, the read part (3) 
at standby (SI 1) confirms whether or not there is a packet transmission ready request signal for 
reading the corresponding node (NODE [8//0]) in which the packet transmission ready signal has 
been detected from the detection part (2) (SI 2). 

At the above-mentioned step (SI 2), if there is a packet transmission ready request signal, 
the read part (3) outputs a response signal (ACK) showing the reception of the packet 
transmission ready request signal to the above-mentioned detection part (2) and outputs a Tx 
FIFO read clock (READ CLOCK [8..0]) capable of reading 1 byte for each clock pulse of a 
global clock to the above-mentioned Tx FIFO (1) (SI 3). 

Therefore, the packet data (TXD [8..0]) stored in the Tx FIFO (1) of the corresponding 
node (NODE [8..0]) are transmitted 1 byte by 1 byte to the above-mentioned shift register (4) by 
the Tx FIFO read clock synchronized with the global clock. 

Next, the read part (3) extracts a flag from the upper 2 bits of the 1-byte packet data 
(TXD) and these bits are transmitted to the above-mentioned shift register (4), (SI 4) where it is 
decided whether the flag is the start or the end of the packet data (SI 5, SI 7). 

At that time, if the upper 2 bits are '10,' the flag is regarded as the start of the pack data, 
and if these bits are '11,' the flag is regarded as the end of the packet data. The byte for 
discriminating the start and the end is a dummy byte, and each node inserts the dummy byte 
between the start and the end of the packet data. 

At the above-mentioned step (SI 5), if the start of the packet data is detected, the read part 
(3) outputs an INPACKET signal for notifying valid packet data to the write part (6) (S6), and if 
the end of the packet data is detected, at above-mentioned step (SI 7), the read part disables the 
INPACKET signal for notifying the end of the valid packet data (SI 8). 

On the other hand, after receiving the input of the packet data stored in the Tx FIFO (1) 
by the Tx FIFO read clock which is output from the read part (3), the shift register (4) is 
synchronized with an Rx FIFO write clock of the global clock, which is output from the write 
part (6), and transmits the packet data in units of bytes to the corresponding destination node of 
the reception side. 
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At that time, the destination node address of the above-mentioned packet data to be 
transmitted is detected through an address filtering function of the address filter (5). 

In other words, the address filter (5) receives the input of the data and the address signal 
from the CPU, extracts the first 3 bytes of the valid packet data containing the destination 
address information transmitted to the shift register (4) from the Tx FIFO (1), and outputs the 
destination node information (RESULT [8..0]) of the reception side to the write part (6). 

On the other hand, the above-mentioned address filter (5) is made through the use of an 
RAM in FPGA and can realize a broadcasting function for transmitting the packet data to 
multiple nodes at the same time and can realize a blocking function for of blocking a specific 
node, not to the mention the address filtering function. 

The above-mentioned address filtering function is a function that writes data in the RAM 
of the address filter (S) according to the destination address information of each node by the 
CPU and outputs the destination node information (RESULT [8..0]), which is designated from 
the designation address RAM of the packets, to the write part (6). Only the bits of the destination 
node are output as T. 

The above-mentioned broadcasting function is decided by the first byte of three bytes of 
the valid packet data, and after the CPU sets a value signifying the broadcasting mode in the 
register, if it is compared with the above-mentioned first byte, the packets are transmitted to all 
the nodes with addresses corresponding to the other two bytes. 

In addition, the function of blocking a specific node can be simply realized by an 
exclusive OR (XOR) of 9 bits corresponding to each node set in the register by the CPU and the 
destination node information. 

Finally, the write part (6) receives the INPACKET signal for notifying the valid packets 
output from the read part (3), delays the signal by the filtering time of the destination address of 
the address filter (4), latches the destination node information (RESULT [8..0]) output from the 
above-mentioned address filter (5) by means of the delayed signal, and generates an Rx FIFO 
write clock capable of writing 1 byte in FIFO of the destination node for each 1 clock pulse of 
the global clock. 

Therefore, the packet data is output from the above-mentioned shift register (4) according 
to the Rx FIFO write clock that is generated from the above-mentioned write part (6) to the Rx 
FIFO (7) of the corresponding reception-side destination node. 

Effect of the invention 

As explained above, according to the present invention, while the address filter (5) carries 
out an address filtering, since the packet transmission of the above-mentioned shift register (4) 
cannot be interrupted, high-speed data transmission is made possible. 
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In addition, in packet communications, in order to prevent the system of a destination 
node address from being changed or to prevent packets from being transmitted to unnecessary 
nodes, the CPU accesses the register instead of having to modify the hardware of the router 
device, so that the control of the router device is simple. Moreover, since this router device has a 
broadcasting function capable of simultaneously transmitting the same packet to all the nodes, 
multi-loading is possible, and a TOD packet can be transmitted by a channel card, realizing a 
high efficiency. 

Furthermore, since the packets are transmitted without an interruption by being 
synchronized with a global clock, the routing speed is improved, speeding up the packet 
transmission speed between each node. 

Claims 

1 . Packet router device, characterized by the fact that it consists of a detection part (2) 
that detects whether or not there is a packet transmission ready signal from the transmission-side 
nodes and notifies the reading read of the corresponding node in which the packet transmission 
ready signal exists; a read part (3) that reads the corresponding node if the corresponding node 
with the packet transmission ready signal is detected by the above-mentioned detection part (2), 
that transmits its response signal to the above-mentioned detection part (2), that outputs a Tx 
FIFO read clock of a global clock to the above-mentioned Tx FIFO (1) to transmit the packet 
data stored in the Tx FIFO (1) of the corresponding node, that extracts a flag of the above- 
mentioned packet data, and that outputs an INPACKET signal if the flag is a valid packet; a shift 
register (4) that inputs and stores the packet data of the above-mentioned Tx FIFO (1) output by 
the Tx FIFO read clock of the above-mentioned read part (3), and that transmits the above- 
mentioned stored packet data to a reception-side node according to an Rx FIFO write clock of 
the global clock; an address filter (5) that extracts the address of a destination node from the 
upper 3 bytes of the packet data transmitted to the above-mentioned shift register (4) according 
to CPU data and an address signal and that outputs the destination node information; and a write 
part (6) that outputs the Rx FIFO write clock for transmitting the packet data to an RF FIFO (7) 
of the reception-side node by the above-mentioned shift register (4) according to the INPACKET 
signal of the above-mentioned read part (3) and the destination node information of the address 
filter (5). 

2. The packet router device of Claim 1, characterized by the fact that the above- 
mentioned address filter (5) extracts the first byte of three bytes of the valid packet data 
transmitted to the above-mentioned shift register (4), compares the value used to indicate the 
broadcasting mode set in the register by the CPU with the above-mentioned extracted first byte, 
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and transmits the packets to all the nodes of the address corresponding to the other two bytes if 
they are the same, realizing a broadcasting function. 

3. The packet router device of Claim 1, characterized by the fact that the above- 
mentioned address filter (5) blocks a specific node by performing exclusive OR on 9 bits 
corresponding to each node set in the register by the CPU and the destination node information. 
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eil^ §Ef(5)3 ^^JA| EE SSOII ai£} ^^1 B||X|±E| (4p| flH^l q|0|Efl EE^ 2#o r 

^| Rx FIFO eiOlM 1^011 § BfO|e ^(WRITER) (6)3. £PI ^0|e^(6)3 Rx FIFO etO|e 

13011 3SH 3^£1^ <H5^ d|A|^Ei(4)3 EH^l q|0|EH ^£}o\'~ EE3 Rx FIFO (7)^ 

P. 

g &S0II 3^ Mil Br^EfSxl^ H^l EE3 Tx FIF0(1)3 EE3 Rx FIF0(7) A|0|0j| 

2£|B1. Tx busi l«H nn^i pioiqg s^s^l ^q. 

S|A|^q(4)^ ^7| OiEdl^ §q(5)7| BH^3 51 3b|0|Eg OiEai^ ^Ei§s|01 ^ 

A| EE3 OlEBII^l 4§oU. £10|E«(6)^ Rx FIFO 2f0|e gas yc-q| z|2| 1^J°^ 8 

^Q^OII ffiei 8^H3 9b|e D-M^ie°^ ?^3^II 

nejn oiEai± ^q(5)b oiEeii^ §tfgm^ ^i^b §s u £ c 5H xg ^ s eei 

M^U ^1^1 4 Siq. ^13 ^01 £ g*§3 n«?i q^q^x|3 §^11 E 2 §y 

E 3# §f£o|01 ^SolS ^q. 

E 2b E 13 S#¥(2)3 1^1 °ME0|3. E 3g E 13 ejE¥(3)3 ^ ogEOIQ. 
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2*1. >j#¥(2)2J g3M £ 22] £i£| ^SSIS, £AI^ 2JEE § S «j5H kE^EI A|3 

o\0\ 2\ tEOll nH^i ^bld^Jf &bX|t 2f £jq(S1). 

&?l 9^l(Sl)0i|A1 *1 SRH EEO|| nH^i 3£ £Hlds7| 2^810 (S2) . £p| 2#¥(2)^ ^E¥ 

(3) £ 51 glBH EEOII mj^l d£ ^ti|d^(Packet Ready). ^ DH3J fl^d^l 21 Ml gJBJSAI d£ 
S^Xf DH^ QlOlEpf 2ib ^ y«H tE. ^ oHS EE(N0DE[8..0])1 BISolE^ fi? ^Q(S3). 

0101. 2t¥(2)b £JE¥(3)£¥E1 DJiei molEi^J 5i tEl ejE6|E= fi?d£f 4dm 

SQb S3£JS(ACKm 21^X11 2}eJoK)1(S4). §&ds?| 4d SJ X| &&C}0 4dl l«X| JIQSEPl 

n eei stmE^ e>Q. 

=2212 S9£!£^ §* 4 d El 2m 3. 5! EE£¥3 nfl^ d£ £H|£!£^ 2#E|X| ST8 
*W|£ 3 qg tE£ SSWOI ms! S£ £Hlda°| qA , °jq(S5). 

0101 . £PI Sf^(2)5| ^32} 2S£|^ B|E¥(3)°| §31 E 31 *f£mO| ^96^. £Ui q?| #EH 

(sn)oii ejE^O)^ 2i¥(2)£¥Ei nn^i S£ ^hi^s^ 313 ^HS ee(node[b//o])i ejnm 

E^ Dfl^i *j£ £d| flgds?!' 01 ^°]^q(S12). 

£PI B3l(S12)0||Ai GH^l d£ £U| SildS^ £IE¥(3)^ *p| 2#¥(2)£ DH^l d£ £d| 2 

ildsl §* g>21Q^ e^d^(ACK)g §A| ojj gsjsi i^Dtq i dioiei git ^ 21 

± Tx FIFO fiJE 13 (READ CLOCK [8. .0])M Tx FIF0(1)0|| «>q(S13) ) . 

01 Oil Oja[. 0|| Tx FIFO E|E M^OII SjSH EE(N0DE[8 . .0])2J Tx FIF0(1)0|| *|S 

£J nH^i q|0|E|(TX0[8..0])^h 1 H|0| £J\ ^he a|X|^El(4)0|| d£EM| £iq. 

0101. e|E¥(3)^ £P| 4)5^ aiX|^E.1 (4)0|| d£EJ^ 1 d|0|E*Joj nj|3| q|0|E| (TXD)2j £?| 2 d|EO| 

MeJUS *#6foi(Si4) nn^i Q|0|q2| ^Em(Srart)°|xi °!!E(End)£!xil ^ &Bmq(Si5.sn) 

OlttH. 2?1 2d|E^[ '10'OIS HH^l q|0|E|2| ^E}§£ ZJ4SU. H'O|0 D}|^ C||0|E|2| enE.?, Zl^o^l 
ElbQI. 0| ^qe2| oi|c # d^l^b qoi U[0|e(DuDiy Byte)g 2J EE^I HH^ Ci|0|q2j ^ 

§12} eUEOii ^ojai^ aioiq. 

min g?\ B^I(si5)oi|Ai nH^! aioiqoj ^#£10 £]E¥(3)b nH^i Pioiqgje ^£lb 

eiDH^(INPACKT) dal B[0|E ¥ (6)g #^oU(S6). ^7| (S17)0||Ai IIH^i Q|0|qoj oyc^^ 
°2 HH^ U|0|E.Pf M*dm ^q^l ?|sH oinH^d^l q^0||0|#(Disable)A|5iq(S18). 

^3. e|E¥(3)0||Ai M^EIb Tx FIFO fi|E ^^0|| Tx FIF0(1)0|| DH^[ Q|0|qi ^J^^^ 

5§ d|X|^q(4)^ efO|^¥(B)01|Ai t^Elb M^OII qe Rx FIFO S|0|E l^OII §7|E|01 d|0| 

^ nflei aioiqi ^d^°i 6H&o^ =3X1 ee^ S^6|^i| gq. 

oich. £p| 2 ^ gh^i aioiqoj tEoi oiEen^b oiebi|a gq(5)£| oiEdi^ §iqg y\^m 

mm stsiPii sq. 

^. OjEaiA §Ei(5)^ CPUS^q aiOiq^l OlEdl^ Aj^l 2J^^0| TxFIF0(1)0i|Ai fl|X|^E| 

(4) ^ =5|X| oiEdl^ §s;i ioi 2ib nn^ qioiqsi *! 3 b^oiMg ^f-sioi s 

5U| EE §fi(RESULT:8..0]l £|0| e-(6)g 

£lS. ^^1 OiESII^ i£1(5)b FP6ALH2J SI 0|go|O1 ?^E|D|. 0)E3l± iqg 7|^g IS 
EES HHei CilOlEil oh «io|| d^ofb «^ ^l^g «SE?H^g ?t^4 ^§ EEi M^H8|^ 

^i^e $ 2iq. 

^^1 OlEdl^ HE-ig 71^^ CPU^I 2f EE2J =*|aT OlEeil^ §^011 °i^| 0|E3I^ gq(S)0|| 01^ g 
Oil CII0IEI1 BtOIEoH^ZQ =3X| OiESII^ ^0||A1 X|§6|b ^3X| EE gfi (RESULT [8 . .0] ) 1 

q0|£¥(6)g l^o^ ;|^og. =3X| EE2J d| M9i Tg E.1^01 g^of>|| 9Q. 

^,^1 ^SE5H^g ;i^8 nHei aioiq^j 3 h|o|e g 5! u|0| MS e^m^dl. CPU^f HSE^H^g 

e 2i§ aiXl^qoil ^!^A|^ * H[0|E2} d|I2oK)| qOjXI 2 d^|E()j| 5H^o^ 

oiEai^2i ees im^e d^olb *oiq. 

mm ^% EEi Msum^ ?i^ cpu^i aixi^qoii ^igAm ^ ^eoii ®\%$\~ m^y e 

E HHq3 ^qt)(X0R)A|^ ^96| ?^t/ 4^ 

S|g3ES. qO|E«(6)^ 8iE¥(3)S¥E1 l^£lb Ha DH^ 0 JI ^£Jb °}Mll dfif 4dSfO| 0|E 
31^ lEi(4)0|| 2|6|| =3X| 0|Eai^7| ^ q g EJ ^ A|2J°|^ A|^A|2q^L 0| XJ^sj A|^g goH ^| 
OlEai^ ^E1(5)S¥q g^Ejb ffl 3X| EE S M (RESULT [8. .0])# 211 ?| (Latch) o\H 1^2J 1 # 

^□iq 1 d|0|e^ =3 X| EES] FIFOOII qOIS^ 4, 01^ Rx FIFO £J0|e 1^1 ^^^q. 

qsiAi. e}oi¥(6)oi|Ai ^^Ej^ Rx fifo qo|^ i^oji ctis ^f^l tins aixi^q (4)0|| AH e^Elb 

HH^ q|0|E|7J oHS^b 4d^ =3X| EE2| Rx FIFO0(7)01| d^Ej^l gC|. 

01^. £PI ^ SOII Ai2|- ^0| ^ ^SB oiEai^ ^q(5)7| OlEBil^ iqgs^ =2[ <HHM aixi^ 
q(4)2| hh^i d£0| g^EJXi sfo es ^^o| qioiq d^-oi ^i^siq. 

nv. Sdt u mi =3x1 ee oiEai^ei mw\ um^q se^ m^a^ ees hh^oi s^ej 

^ 5!# ^1^1 o|E?1|013ES £|^q^x|^ 4§o^ EUd CPU?| 3|X|^qi 5»jA||^^o^-| £} 0 |q 

S^|2| «|Oi^| ^B5|D|. Sb EE Oil MUM §A|0|| d^ 4 2ib M£E3H±g ?l^0| 2iOI S 

qsaoi ?\^o\n m^i\sz too mi^ d^-e m ^ vo\ ^i3oiq. 
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Eth ^sn 1^1 oil ^j\z\o\ mi 2^01 s#aioi oi^oixiH^ ei^g ^e?i srasoi ^ eezj mi 



(57) &?of 

1 

ees^ei dh^i 3^ £uid^ Si^xig g#moj mi^ 3^ £b|Ais;>t m% eei bie 

SJBib 2S¥(2)2K &?| 3§¥(2)£¥&1 « 3£ ^U|A|^^[ oi^ gJBUIS ojS 

biesu oi oil ccf^ ledli £PI St-¥(2)s s^mtH. m% EE°| T* f I fo( 1 ) oil xiSH nn^i p|o| 

E1M S^SPI ^£gj l^OII Ct}^ Tx FIFO B|E l^M £PI Tx FIFO(1)0|| §»oU. £J\ WA PI 

0|E|21 M8H 31 ^#eK)1 #5 nH^ei 3^ £l« £|E¥(3)2h £PI £|E^(3)°J Tx 

FIFO B|E l^jOII 2\m #^EJ^ £PI Tx FIFO(1)2J Iffl^ q]0|Ejl %mz\0\ X1So|2, S^gJ ^»0|| ty 
E Rx FIFO £}0|E 1?H0|| oj0n ni± CJ|0|E|1 ^ tE£ S^o^ 

aiA|^Ei(4)2|. CPU q|0|E|S| OjESil^ £1^011 0^ £PI 4H 5§ aiX|±E|<4)0|| flH^ q|0|E|°| ^ 

?i 3 HFOIMOIUi =ajX| EE°J OjEdl^l «»K>| =3X1 k£ Oi=£||± £!E|(5)2h 

£PI d|H¥(3)2] ojmi^i a|^94 OiEBll^ lEi(5)2j =3*1 gSOll 0}B| Sl|X|^EH4pf 

IHi 51 q|0|EH EE2| Rx FIF0(7)£ £j£o|?i ?|E> Rx FIFO B|0|e gag ^o| e«(6)£ 

Ml 1^011 2J01>M. £PI OiHai^ ^F1(5)b £PI a|X|^E|(4)0|| 2^3 ^fi HH^l Q|0|E|°J 3 d[0| 

§15! u\omm ^ go- 1 oi cpujf amnion ^^ai^i s££?n^gi eioisi^- m £Pi «s 51 m 

0|Eg H|B5i0i >MS ^£0 UCHXI 2 HiO|EOi| SH^e^ OiHSil^OI 2^ EES n«3J# 3£W°SM| 
iJ?t>> 3 

fll 1SCHI 2iOiAi. £PI OiEai^ ^&1(5)^ CPUyf ^EJOII 2!§A|3| 2| tSOil SHSS^ 9H|M2| =^ 
X| EE SSI ^Bltr^o^i ^§ EES M^UlfM ^§2S Mil V^E\3x\. 
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